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INTRODUCTION
One of the urgent tasks facing agricultural scientists
throughout the world is that of supplying sufficient food of adequate
quality to the ever-increasing human population.

The problem is not

only that of supplying calories but also providing adequate quantity
and quality of protein.
Ruminant animals have the ability to convert much plant energy,
not utilizable or having low availability for man, and nonprotein
nitrogen products into body tissues.

Ruminant animals, therefore, can

have a very important role in providing food for the human population.
The most wideiy used nonprotein nitrogen compound ~s urea.
The process of building amino acids into body protein from nonprotein
nitrogen compounds is accomplished through the symbiotic relationship
of the rumen microorganisms.

The efficiency of urea utilization may

be affected by several factors.

Among these are level and source of

energy, level and source of protein, concentration of minerals,
vitamins and perhaps other factors in the diet.
Although lower feed costs are generally obta1n~d as a result of
substituting nonprotein nitrogen compounds for preformed protein,
animal performance has often been lower or inconsistent-.

This has

prompted investigations toward the improvement of urea utilization.
Body protein is made of amino acids.

By studying amino acid

concentrations in the blood, nutritionists have been able to obtain
information on dietary deficiencies.

Some experiments have shown

that the sulfur containing amino acids .are the first limiting ones in
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ruminants receiving diets containing

Experimentation has also

urea~

shown that ruminants through their microorganisms can also utilize
inorganic sulfur in the synthesis of sulfur-containing amino acids.
Much attention has been devoted to the need for sulfur supplementation

and the availability from various

soure~s wh~n

nonprotein nitrogen makes up the major

po~tion

feeding diets where
of the supplemental

protein.
The objective of this research was

~o

study the effects of

calcium sulfate, sodium sulfate and methionine hydroxy analogue
calcium in practical ruminant diets.

Two feeding trials were conducted

with weight gains, feed consumption, feed utilization and carcass
data used as measures of perforffiance.
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REVIEW OF LITERATURE
Protein synthesis in the rumen from simple nonprotein nitrogenous compounds is an established fact.

Urea is the most widely

used source of nonprotein nitrogen to supplement diets for ruminant
animals.

Extensive reviews concerning urea in animal feeds have been
Reid (1953) probably has authored the

published by several workers.
most widely known paper.

Since that time, others have published

reviews of the research with nonprotein nitrogen compounds (Hungate,

1966; Briggs, 1967; Loosli and McDonald, 1968; Helmer and Bartley,
1971).

Stangel, Johnson and Spellman (1963) compiled over 1500

abstracts and titles of papers published concerning the use of urea
and other nonprotein nitrogen

compo~~ds

in ruminant nutrition.

Research reviewed in the above mentioned publications has
shown that when urea is fed to animals it is rapidly hydrolyzed to
ammonia by the enzyme urease.

Since urease activity is small in

dietary constituents and not secreted by the rumen, it has been
concluded that the rumen microorganisms contain the enzyme.

Urea

hydrolysis increases as the temperature of the rumen increases t .o a
maximum of 49 C then decreases.

7 and 9.

Optimum pH for hydrolysis is between

Experiments using labeled carbon and nitrogen on the urea

molecule have demonstrated that nitrogen from urea is incorporated into
bacterial protein which is ultimately digested by enzymatic processes
in the intestines of the host animal.

A major problem in the

efficiency of urea utilization is the rapid release of ammonia.
Bloomfield, Garner and Muhrer (1960) indicated that . urea hydrolysis

4

occurred four times faster than the uptake of released ammonia vrhich
result ed in eventual loss of nitrogen available for microbial
synthesis.

The amount of

am~onia

lost by absorption through the rumen

wall depends greatly upon the ability of the microorganisms in the
rumen to convert ammonia to bacterial protein.

Natural protein are

also broken down by microbial activity, ammonia released and
reassimilated into bacterial protein.
depends basically upon two things:

Efficient urea utilization

first, the rate of ammonia release

from urea by the rumen microbes; and second , the rate of assimilation
of microbial protein from the liberated ammonia .
Ammonia Release and Utilization
Performance studies conducted with ru1imals fed urea have
indicated the utilization of urea nitrogen is inferior to that of
natural protein supplements .

A limiting factor, as mentioned above,

is probably the rapid hydrolysis of urea to ammonia.

Efforts to

increase urea utilization have been directed toward minimizing ammonia
nitrogen losses through

~~imal

adaptation , inhibiting

ureas~

activity,

treating of urea to reduce the rate of ammonia release, or using other
nonprotein nitrogen compounds having slower rates of ammonia release.
Ani mal Adaptation
Studies have shown that animal performru1ce improves Hi th time
on urea-contai ning diets.

Schaadt, Johnson and McClure (1966)

conducted a 72-day metabolism trial with lambs and found increased
nitrogen retention with time on diets with urea.

The biologi cal value

5

of urea increased from 55 to
1.60 to 3.54 g/day.

6~

"

and nitrogen retention increased ' from

In contrast, Johnson and McClure .(1964) reported

that nitrogen digestibility, nitrogen retention or biological value
did not increase over a 94-day feeding trial.

Their feeding trial was

interrupted by three metabolism trials during the experiment.
~

Smith

al. (1959, 1960) fed sheep a high urea semipurified diet in ·1 9

digestion and metabolism trials.

They found that retention of nitrogen

was significantly improved by approximately 2 percentage units with
each consecutive 10-day feeding period up to 50 days.

--

McLaren et al.

(1965) reported that absorbed nitrogen retention could be improved

3 percentage points with each consecutive 10-day period of urea feeding

Caffrey

~ ~-

{1967a) concluded from in vitro studies that the

rate of ammonia assimilation by ruminal microorganisms was significantly
greater using inocula from· lambs that had been adapted to a urea-rich
(3.~

urea) diet than with inocula from lambs fed a nonurea diet.

However, ruminal ureolytic activity was higher in · the case of lambs
fed the nonurea diet indicating a change in the ruminal microflora
does take place when lambs are fed urea.
~!!!£experiments were also conducted (Caffrey~!!·' 1967b)

to measure changes in ruminal ammonia concentration following
intraruminal infusion of ammonia.

These -v;orkers found the maximum

ability of rumen microbes to assimilate ammonia into bacterial protein
was reached after 17 days on the urea-rich diet.

6

Inhibiting Urease Activity·
Limited work has been directed toward
by reducing the rate of urease activity.

improvin~

urea utilization

None of several methods has

been successful when applied to the live animal.

Harbers, Tillman

and Visek (1962) added barbituric acid to a ruminant diet, but measures
of body growth and feed utilization showed the compound to be
detrimental.

Cellulose

hydrolysis~

vitro was inhibited at low levels

of barbituric acid with urea as the protein source.

Brent and

Richardson (1967) tested in vitro an inhibition of jackbean urease and
found that it had no effect on rumen urease activity.

Brent and

Adepoju (1967) fed lambs acetohydroxamic acid and found a significant
d~cre~c

in nitroger.

rete~tio~ c~~cee by

an increase in urine and fecal nitrogen.
(1967a, 1967b) used both in vitro and in

a lack of

~reas6 ~cti~ity

and

Loper, Harbers and Richardson

!1!£

techniques to evaluate

the effectiveness of several compounds as urease inhibitors.

Of the

numerous compounds tested, copper sulfate, neomycin sulfate and
bacitracin MD most effectively inhibited urease activity in the
artificial rumen studies.

However, when fed to fistulated steers

there were no changes in the ammonia levels.
Coated and Treated Urea
Several attempts have been made to slow ammonia release from
urea by coating it with water insoluble materials.

However, in the

review by Helmer and Bartley (1971) it was pointed out that these
compounds have not met commercial acceptance.

It was also stated that

slowing down the rate of release of ammonia is only one factor in

7

increased urea utilization.

Hungate (1966) proposed that rumen microbes

should be permitted to release ammonia from urea and work should be
conducted toward more efficient utilization of the ammonia.
Use of Other

Non~rotein

Nitrogen Compounds

Another means of minimizing ammonia nitrogen losses is using
nonprotein nitrogen compounds that are more slowly hydrolyzed in the
rumen than urea.

Of all the nonprotein nitrogen compounds considered

as substitutes for urea, biuret probably has been most widely tested,
has been given the most commercial attention and has received the
most acceptance by livestock feeders.
Garther

~ ~-

(1955) fed lambs a

semi~urified

nitrogen with either urea or biuret supplying

84%

diet with 2.ryfo

of the nitrogen.

In nitrogen balance studies, they found that nitrogen from biuret was
retained as well as that from urea.

Studies with steers by Hatfield

!i ~· (1959) showed that nitrogen balance, expressed as a percentage
of absorbed nitrogen, was significantly lower when biuret was fed as
compared to urea or soybean oil meal.

Tomlin, Harris and Butcher

(1967) conducted three digestion trials comparing biuret, urea and
natural protein supplements fed with poor-quality grass hay to wethers.
They concluded that biuret was utilized as effectively as urea or
alfalfa meal.

Meiske

~ al.

(1955) added urea, biuret or soybean meal

to a basal diet for lambs containing ·about ~ total crude protein and
found no significant differences among the various supplemental
nitrogen sources.

Average daily gains were 0.30, 0.29 and 0.30 lb for

8

urea, biuret and soybean meal, respectively.

Feed requirements were ·

9.67, 9.86 and 9-53 lb, respectively, per pound of live weight

gain~·

Diammonium phosphate (DAP) is another nonprotein nitrogen source
which has been used as a source of protein for ruminants.

It is

generally agreed that DAP is less likely to cause toxicity in ruminants

than urea, but agreement is lacking as to its relative value as indicated by nitrogen retention and animal performance.

Palatability seems to

be a primary problem associated with DAP (Helmer and Bartley, 1971).
Probably some of the most important knowledge gained from
research on control of ammonia release from urea is a more complete
understanding of urea metabolism.
ncnprotci=

~itroge= compc~~ds

Improvement in the utilization of

will likely

co~e

about

l~3cly t~~~~oh

providing nutrients needed by microorganisms of the rumen at the time
of ammonia release from a nonprotein nitrogen source.

There are many

factors that affect the utilization of ammonia once released from
urea.

Among these are the level and source of energy and protein as

well as inorganic minerals, especially sulfur.

These factors will be

individually discussed in the ensuing sections.
Utilization of Ammonia from Urea
Sources and Levels of Carbohydrates
The functions of carbohydrates in the conversion of ammonia
to microbial protein are to provide energy and carbon .skeletons for
the microbes in this protein synthesis.
in value for these functions.

Carbohydrates differ widely

The least effective carbohydrate seems

to be cellulose; the most . effective, starch.

Several in vitro studies
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haVe evaluated the influence of different energy sources on urea
utilization by rumen microorganisms.

Arias

~ ~·

(1951) compared

dextrose, cane molasses, starch, cellulose and ground corn cobs at
three levels as energy sources -for microbial protein synthesis from
urea in an artificial rumen.

They concluded that each energy source

tested, whether readily available or a complex carbohydrate, aided in
urea utilization if it was capable of being digested.

Belasco (1956)

reported comparisons of star9h, cellulose, xylan, pectin, dextrose and
different combinations of these feedstuffs as energy sources for urea
utilization by rumen microorganisms
differences.

~

vitro.

He found considerable

Starch additions to urea resulted in 41% urea utilization

while urea utilization with cellulose amounted to only 21%.

A

combination of starch and cellulose in a 1:1 ratio resulted in
th~

nitrogen from urea .being fixed into microbial protein.

8~~

of

Xylan and
~

pectin promoted increased urea utilization but not as well as starch.
Bloomfield, Muhrer and Pfander (1958), also reported differences
in urea nitrogen fixation in in vitro studies with starches of

-

different sources.

Corn starch supported 9&fo utilizat~on of urea

while wheat starch, potato starch and soluble starch supported 81, 63
and

5~

utilization, respectively.

They also showed that simple

sugars, fructose, glucose, sucrose and lactose, resulted in 50, 42, 35
and

2~~

urea utilization, respectively, which was considerably poorer

than starch.

In further i!!, vitro studies, Bloomfield, \vilson and

Thompson (1964) found that 55 g of carbohydrates were required for
each gram of nitrogen fixed in microbial protein.

In studies with 28
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wintering steers divided into four groups , two levels of energy were
fed \IIi th either urea or soybean meal as the supplemental protein.
Average daily gain for the two urea groups fed diets of 28.7 or 21.7%
TDN was 1.67 and 0.34 lb, respectively.

Feed required for 100 lb of

gain for the urea fed groups was 1790 and 6330 lb, respectively.
Average daily gains for steers fed soybean meal at these levels of
energy (28.7 and 21.7% TDN) were 1.63 and 0.81 pounds.

Feed require-

ments for production of 100 lb of weight gain were 1715 and 2748 lb,
respecti vely.
In

!i!£

metabolism trials have been designed to evaluate the

effectiyeness of various carbohydrate sources in promoting protein
synthesis.

Chappell ancl Fontenot (1968), in nine metaboliRm

trials~

varied the percent of readily available carbohydrates from 0 to

48%.

The readily available carbohydrates were corn starch and glucose fed
in a diet with purified cellulose.
about

1ry~ .

The protein content of the diet was

They found that increasing levels of carbohydrates resulted

in greater nitrogen retention.

Preston, Breuer and Pfander (1961),

in a series of metabolism trials on 27 different diets, found improvement in urea utilization as measured by urea-nitrogen blood levels and
ammonia-nitrogen rumen levels from additions of corn starch, ground
corn and steamed cracked corn to a diet with timothy hay and urea.
Bell, Gallup and Whitehair (1953) compared corn, dehydrated sweet .
potatoes, milo, barley and cane molasses as supplements to 7fo protein
prairie hay diets.

Urea was added to all the diets to provide a total

crude protein level of

1~~.

All supplements with urea increased daily

11

gains

significa~tly

with the exception of the molasses supplement .

Using fistulated steers,

Hills~

al. (1944) showed similar results

when comparing starch with molasses.
Gallup, Pope and \fuitehair (1952b) conducted three digestibility
and nitrogen balance trials with lambs.

The first trial consisted of

basal diets with three different levels of roughage (84, 49 and 2&fo)
supplied by cottonseed hulls and a fourth diet of 4o/fo prairie hay with
the remainder of the diet ground corn.
diet s was about 7fo.

Protein content of the basal

Equal amounts of urea were added to eac4 diet to

bring the protein content to la'fo.

Results showed that with decreasing

levels of roughage and increasing levels of corn, daily nitrogen
~.,ctc~tio:::1

............
~ ~-.

the cottor:.:;eei d..;'"' .... ~

.....""" Vt.-'

inc:r'cn.s~d.

f~c:~ ~· 0.~2

b

./:'~....,
~

~~

the 8':%

cottonseed hulls to 0.55 g for the 4o/fo level and 2.30 g for the 2o/fo
level of hulls.

The 4o/fo hay diet had nitrogen retention similar to

the 2o/fo level of hulls.

This would appear to be accounted for by the

greater amount of digestible energy in the prairie hay.
Relationship Between Nitrogen and Energy Levels
Relationship bet\veen energy and nitrogen levels . for optimum
utili~ation

~ ~·

of urea has been studied by several researchers.

Gallup

(1952b) added urea in increasing amounts to a low protein, high

carbohydrate diet to determine the amount that would permit near
maximum retention.

Additions of urea to the basal diet of 7.1% protein

gave test diets with 8.5, 10.2 and 12.3% protein.

Nitrogen retention

was increased from 0.57 g/day for the basal diet to 2.62 g for the one
with 10.~fo protei n and then decreased ·to 2.29 g for. the 12.3% level of
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protein • . The decrease probably could be accounted for by .the limits on
available energy as the diets contained 38.% cottonseed hulls.

In

another trial, comparisons were made with three basal diets containing
cottonseed meal, soybean oil meal and corn gluten meal.

Without urea

supplementation, these diets permitted similar nitrogen retention.
When equal amounts of urea were added to each diet, similar increases
in nitrogen retention were also noted.
Harris and Mitchell (194la, 194lb) conducted extensive research
with urea and its effects upon maintenance and

g~owth

of lambs.

Digestibility of dry matter and crude fiber was improved when urea was
added to . a diet low in nitrogen.

Diets of 11.0 to

15.~fo

casein supplying up to
satisfactory growth.

Twenty-three lambs were used in

protein equivalent were used with urea and
5~fo

of the nitrogen.

All of the lambs made

Results indicated that urea was satisfactorily

used as long as the protein level of the diet did not go above
Johnson

~

ll.~fo.

al. (1942) used diets high in carbohydrates to test the

value of urea at different protein levels.

Levels of protein from 10

to l~fo were obtained by adding urea, soybean meal or casein to a
protein basal diet.

6.0%

Protein levels of 15 to l?fo were also used in

diets containing urea or combination of urea and soybean meal.
nitrogen supplied 4o to 6~ of the total nitrogen int~e.

Urea

The

nitrogen from urea seemed to be as well utilized as that of soybean
meal, but it was not equal to the nitrogen from casein.

Urea prompted

greater nitrogen retention by lambs fed diets containing up to 12%

292525
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protein.

The difference ' in retention between urea or soybean protein

and casein could have well been affected by the solubility differences
between the nitrogen sources.
Data obtained from nitrogen metabolism studies with sheep
(McLaren et al., 1965) fed semipurified diets containing urea as a
sole source of supplemental nitrogen were subjected to regression
analysis.

The analysis indicated that retention of absorbed nitrogen

was significantly improved by 3 percentage points for each 100 kcal of
readily fermentable carbohydrates in the diet.

This improvement in

retention was observed in lambs regardless of the degree of adaptation
to urea feeding.
d~ly gai~

Preston, Schnakenberg and Pfander (1965) plotted

of lambs as a fur-ction of digestible protein to digestible

energy content of diets.

They reported maximum gain resulted when

the diet contained 22 g of digestible protein to each 1000 kcal of
digestible energy.

Williams, Whiteman and Tillman (1969) studied the

nitrogen-free extract to nitrogen ratio in urea-supplemented sheep
feed cottonseed hulls as roughage.

The ratio was varied with dextrose

and starch additions to the diets.

The NFE:N ratio was varied from

ll:l .to 55:1 in equal spacings.

Nitrogen retention improved linearly

up to a ratio of 28:1 after which no further improvement was noted.
Much of the influence of protein nitrogen appears to depend on its
solubility and amount.
Wegner~~·

(194o) conducted in vitro experiments that

indicated the level of protein in a medium inoculated with rumen
microorganisms influenced both the rate and amount of urea converted

14

to protein.

As the amount of casein was increased in· the artificial

rumen, the amount of urea convert-ed to prot·e in decreas-ed. · Wegrier et al.

(1941) worked with fistulated steers and found that diets containing
more than
urea.

1&~

protein caused a marked decrease in the utilization of

This was especially true when a natural protein, linseed meal,

was fed with urea.

Hamilton, Robinson and Johnson (1948) reported

that diets containing

16.~fo

were less efficiently

utiliz~d

protein, of which over 6ryfo was from urea,
than those containing 11.2% protein.

Nitrogen from urea appeared to be as well digested as other sources of
·· nitrogen in the diet for growing lambs, provided the protein content
did not exceed 12%.

They also pointed out that at least one-fourth of

the protein equivalent of tile diets needed to be supplieti by pre:formeci .
or conventional protein for maximum utilization of urea nitrogen.
The concept of urea fermentation potential (UFP) of feeds has
been proposed by Burroughs, Trenkle and Vetter (1971).

The UFP of

feeds is defined as the estimated number of grams of urea per kilogram
of feed dry matter consumed that may be fermented by the microorganisms
in the forepart of the digestion tract of ruminants.

The UFP values

are derived from computations made from the fermentable energy and
protein supplied in the feed· that is susceptible to the rumen
degradation.

Several general recommendations were made based on the

urea fermentation potential values of feeds.

Low productive diets

(mostly roughages and forages) with less than 6 or 7fo protein would be
benefited by urea supplementation.

High grain diets with more than

7~~

15

total digestible nutrients and 11% protein would not be benefited from ·
urea supplementation.
McNaught and Smith (1947) pointed out when protein of low
solubility was fed, the production of ammonia from the diets was small
resulting in more favorable conditions for the utilization of urea
nitrogen.

The suggestion was therefore ·presented that excessive

amounts of readily available or highly soluble forms of true protein
appear to limit the production of protein from urea by the microorganisms.

The most favorable reports concerning the use of urea in

ruminant diets have occurred when urea was used only as a partial
substitute for protein.
prc~pted

the mcGt

The levels of protein which have consistently

~f:i~ic~t utilizatic~

cf urea

h~vc

been frc= 10 tc

12% depending somewhat on the digestibility of the protein in the diet.
Supplements with preformed protein may contribute mineral elements or
energy that aid in urea utilization.

The several studies reviewed

have shown that cellulose as well as simple sugars do not promote urea
utilization effectively.

Starch or starch in combination with

celluloses appears to be the best carbohydrate source for rumen
microorganisms to convert ammonia to microbial protein.

Cooking of

starch appears to make it more susceptible to microbial breakdown;
then its release of energy is at a rate more parallel to ammonia
release from urea permitting the microbes to use ammonia more
effectively.

Taking advantage of this knowledge, several researchers

have introduced products which combine starch of feed grain and urea
under pressure, steam and increased temperature to get a gelatinized
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starch-urea complex.

One such product, Starea.(Helmer, Bartley and

Deyoe, ·1970), has been compared to soybean meal or a corn and urea
supplement fed to dairy cattle.

Starea has been shown to increase

milk production, increase feed intake and body weight as compared to a
urea and corn mixture and has been approximately equal to soybean meal
as a protein supplement.

Research has shown that these products

(Helmer and Bartley, 1970; Muhrer, Harris and Bloomfield, 1968) ·slow
down ammonia release while su_pplying more available energy for
microbial protein synthesis.

The importance of these so-called slow-

release products under practical feeding conditions needs to be
investigated more thoroughly.
Amino Acid Supplementation
Amino acids known to be dietary essentials for nonruminants are
synthesized by microorganisms of the rumen.

While ruminants do not

appear to have a dietary requirement for essential amino acids, rumen
synthesis may be influenced by the kinds and amounts of nutrients
making up the diet.

It has been suggested that lower performance

sometimes observed when feeding nonprotein nitrogen was due to an
insufficient amount of certain amino acids being synthesized in the
rumen.

Because of this, experiments have been conducted to determine

if amino acid supplementation for ruminants would be of practical
value.
Loosli and Harris (1945) showed that the addition of 1.11%
methionine to a diet containing 1.02% urea increased nitrogen
retention in lambs from 1.04 g to 2.41 g daily which made the urea
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supplemented diet nearly equal to one with linseed meal.

Gallup,

Pope and \Vhitehair (l952a) also showed that supplementation of 2 g of
methionine daily to sheep fed a urea-containing diet increased nitrogen
retention from 1.34 to 1.66 g daily.

\fuen 3 g were given, daily

nitrogen retention increased to 2.90 grams .

Lofgreen, Loosli and

Haynard ( 1947) sho'I>Ted that the addition of methionine to a diet where

4ryfo of the nitrogen was in the form of urea increased nitrogen
retention from 3.07 to 3.77 g daily.

In contrast, Thompson et al.

(1952) fed cows 22 g of DL methionine with urea supplemented diets and
found no improvement in daily milk production.

Noble, Pope and Gallup

(1955) investigated the value of methionine supplementation alone and
ii.t e;umbinativn

lambs.

·~-.ri

th supplemental

~.Area

or soybean weal !'c::... .

::~ttc~ing

They found, on the average, methionine improved performance of

lambs fed urea, but not of those fed only the basal diet or those fed
supplemented soybean meal .

They suggested that the poor performance

of urea-fed lambs was due in part to lack of methionine or sulfur.
Hale et al. (1959) reported

th~t

feeding 10 .g of L-lysine HCl

to fattening cattle on a 11% protein diet resulted in a 15% . increase
in gain (0.42 lb daily increase).

The feeding of 4 or 10 g of lysine

with an 8. 6% diet had little effect, and the feeding of 4 g ,.Ji th an
1~

protein feed also was without effect.

They also reported that

adding 900 g of lysine to a pelleted urea diet fed to sheep increased
average daily gain from 0.320 to 0.426 pound.

Harbers, Oltjen and

Tillman (1961) found that supplementing a purified diet, in which
urea was the nitrogen source, with 44~ mg of 1-lysine HCl per pound of
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·feed did not a ff ec t a verage daily gains , but it did improve feed
efficiency from 10. 70 to 8 . 80 lb of feed per pound of gain. · In studies·
with fattening st eers , Gossett

!! ~·

(1962) found that supplementing

a urea-cont aining diet with 10 g of lysine daily significantly (P<.05)

increased gains ( 2 . 14 vs 2 . 05 lb) with no evident improvement in feed
efficiency (898 vs 894 l b).

Addition of methionine resulted in a

alight improvement of daily gains (2.05 vs 2.01 lb) with no effect on
feed efficiency .

5

Me thionine

~ydroxy

g per head daily but depressed gain

analogue was without effect at

(2 .13

vs

2.43 lb) and feed

efficiency ( 900 vs 857 lb) when 10 g were fed daily.
Methionin e and/or tryptophan supplementation to semipurified
diets in"which urea supplied

87%

of the total

nitroge~ resulte~

significant i n crease in retention of absor bed ni trogen

1959).

in a

(Barth~~.,

In contrast, Oltjen, Sirny and Tillman (1962) reported no

beneficial e ffect on rates of gain or feed efficiency in sheep by
adding 0.2 or 0. 4% DL methionine to purified diets in which urea was
used as the source of nitrogen.

The addition of O~~fo alanine did show

an improvement in gain (0.33 vs 0.28 lb) and feed efficiency (7.6 vs
10.7 lb) over t he basal urea diet.

Including 3% glutamic acid in

semipurified diets in which urea supplied 9?~ of the nitrogen did not
alter nitrogen retention in calves (Oltjen, Robbins and Davis, 1964).
Bunn, McNeill and Matrone (1968) in a series of experiments
compared three purified diets for growth of lambs .

The basal diet

contained urea as the sole source of nitrogen , t he second contained ~
alfalfa and t he third consisted of urea plus a selected group of amino
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acids based on the amino .acid composition of the alfalfa.
acid addition improved average weekly gains from 490

~

urea diet to 762 g for the urea plus amino acid diet.

The amino

for the basal
However, the

results from nitrogen balance studies from a separate group of lambs
showed amino acid additions did not improve nitrogen retention.
Differences in both the growth and nitrogen balance data could have
been caused by differing intakes of diet.

Clifford, Bourdette and

Tillman (1968), using six pairs of twin lambs, fed a purified diet with
urea as source of nitrogen to one group and a urea diet supplemented
with leucine, isoleucine, valine and phenylalanine to their respective
mates.

The level of urea

both diets were

\'las

reduced in the supplemented diet so that

isonit~ogc~~uc.

The

ami~o

acid additions had

~o

significant effect on feed intake or gain of the lambs.
Oltjen (1969) concluded that generally amino acid additions had
not improved animal performance.

He suggested the following reasons

for lack of improvement in performance:

(1) in most studies the DL

mixture of amino acids were used instead of the active L-forms, (2) the
amino acids might have been supplied in insufficient quantities,
(3) the unprotected amino acids may have been too readily available in

the rumen resulting in rapid catabolism instead of being incorporated
into microbial protein, and (4) the amino acids were not limiting for
growth.
More recently considerable emphasis has been devoted to supplementing urea-containing diets with a methionine hydroxy analogue~

The
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product ha..S been reported to be resistant to breakdown in the rumen
and thus would provide methionine post-ruminally to th~ animal.
Burroughs and Trenkle (1969) added levels of 0, 0.3, 0.6, 1.2
or

2.4 g of methionine hydroxy analogue to natural diets, either with

or without urea, and fed to lambs on a short 35-day trial. -They
reported favorable response from the methionine analogue in these
isonitrogenous diets both with and without urea.
gave more favorable responses._.

The lower levels

Daily gains from the above methionine

levels were, respectively, o.4o, 0.47, 0.45, 0.41 and 0.39 lb daily -for
the lambs receiving urea supplemented diets and 0.39, 0.42, 0.49, 0.42
and 0.32 lb for those ·on nonurea diets.

Corresponding feed require-

ments per hundredweight of gain .were, respectively, 690, 602, 613, 576,
and 718 lb for the urea supplemented group and 710, 636, 518, 664 and
812 lb for the nonurea group.
supplemente~

This experiment showed that urea

with methionine analogue was nearly equal to an all plant

protein diet.
In a later study at the Purdue station, Beeson, Perry and Huber
(1970) found cattle fed 3 g of methionine hydroxy anal?gue per head
daily with an ear corn diet gained 7fo less than the controls (2.80 vs
3.01 lb).

Feed intru{e was similar (31.6 vs 32.0 lb) resulting in

higher feed requirements for the cattle receiving the methionine
analogue.

In a study by Hale ~

!!!·

(1970), methionine hydroxy

analogue was not effective in increasing rate of gain or reducing feed
requirements for steers when added to a milo diet containing 90%
concentrate, ~fo cottonseed hulls and ~fo alfalfa hay.

The beginning
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diet contained

0.7~fo

urea and the finishing diet

0.5~fo

urea.

Daily

gains over the entire feeding period were 2.81 vs 2.93 lb and feed
requirements per pound of gain were 7.59 vs 7.39 lb for treated and
control animals, respectively.

These cattle were fed 22 g of methionine

analogue daily the first 56 days and this level greatly reduced average
daily gain (3.01 vs 3.35 lb).

The methionine analogue was then reduced

to 0.5 g per pound of diet the last 84 days which supplied about 11 g
daily per animal.

Average daily gains for this period were similar

(2.65 vs 2.67 lb). Davidson (1971) added 0.33% methionine

hy~roxy

analogue to a urea supplement and fed it at a rate of 2 lb daily. with
a full feed of ground ear corn to cattle.
~f!ected by the additio~s of methionfne

Average daily gain was not

(2:69 vs 2.70

lb)s

HoreYer,

feed efficiency per hundred pounds of gain was significantly (P< .05)
lowered for the methionine group as compared to the urea control group

(834 vs 865 lb).
In contrast to the above results Burroughs ~ ~· (1969) found
a marked response with heifers fed 3 g of

methionin~

hydroxy analogue

per head daily with a diet of rolled corn and cobs supplemented with
urea. · Methionine analogue supplemented cattle gained 13% faster

(2.44 vs 2.16 lb daily) and required
of gain (607 vs 676 lb).

l~fo less feed per hundredweight

In a second trial, methionine hydroxy

analogue additions to a urea supplement improved performance only on
the steers in the first 72 days of the study (Burroughs~ al., 1970).
The addition of 3 g of methionine daily improved both the rate of gain
and feed efficiency 7;b.

Additions of 4.5 g daily gave 6% less
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response than the lower level of methionine analogue.
response was obtained with any level of methionine

No favorable

an~ogue

during the

last half of the experiment .
Sulfur Supplementation
The di e tary need for sulfur was cl early demonstrated by Thomas
!i~·

(1951) by feeding lambs a purified diet containing 2.0~6

nitrogen, of which

9~fo

came from urea, and traces of sulfur.

The

lambs developed deficiency symptoms of loss of appetite, body weight
loss, emaciation and death.

All of the lambs on t h e diet lacking in

sulfur went into a negative nitrogen and sulfur balance while the
lambs on a di et containing sulfur remained in a t _h rifty condition and
gained weight .

Hale and Garrigus (1953) fed labeled elemental sulfur

(s35) and s odium sulfate (Na2s35o4) to two wether lambs.

Each of the

labeled s ulfur elements was found in the blood , muscle tissue and wool
of the l ambs , demonstrating the ability of ruminants to incorporate
inorganic s ulfur into protein.
All natural proteins contain sulfur in the f orm of sulfurcontaini ng ami no acids such as cystine and methi onine. - When dietary
protein is replaced with urea, there is a potential for sulfur
deficiency.

Some of the beneficial effects reported f rom feeding

methioni ne to ruminants on high urea rations may repres en t a response
from the sulf ur contained in the methionine.

As ment ioned before,

rumen microorganisms synthesize sulfur containing amino acids f rom
inorgani_c f orms of sulfur and it is assumed the s upple-men tili methionine
may be utili zed in a similar fashion.
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Probably the most'effective approach to establish quantitative
estimates of sulfur requirements of animals begins with the basically
accepted premise that sulfur requirement is a function of the protein
requirement.

Block in 1951 (Muth and Oldfield, 1969) obtained a

United States patent for the use of a mixture of nonprotein nitrogen
with nonprotein sulfur at ratios varying between '!0:1 and 25:1 with
16:1 being listed as optimum.

Loosli (1952) suggested that tissue

analyses gave an

of the sulfur requirement of sheep.

approximatio~

Based on this idea he theorized that one part of sulfur was needed for
each 15 parts of nitrogen in the diet.

Block's approach was in accord

with the factorial approach to determine nutrient requirements;

wide based upon later experimental evidence.
Whiting~~·

range ewes.

(1953) tested the need for sulfur in mature

The pelleted basal diet -contained 0.08~fo sulfur.

The

inorganic sulfate supplemented diets contained either 0.12&fo or 0.171%
total sulfur.
0.17~~

The elemental sulfur supplemented diets contained either

or 0.218% sulfur while the methionine supplemented diet supplied

O.l2o/fo total sulfur.

There was no significant differences between the

different treatments over a 9-month period in body weight gains of the
ewes, quality or quantity of wool produced, weight and number of lambs
born or in gain of lambs to 6 weeks of age.

The data indicated the

sulfur requirement of the mature ewe for wool and lamb production does
not exceed approximately 0.~ of the total diet.

This sulfur level

also appears to be low in comparison to the subsequent values in the
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literature unless rather .low levels of production and/or unusually
efficient metabolis m occurred .
Direct obser vati ons from purified , semipurified or natural
diets have, however , provided some very conclusive evidence for sulfur .
requirements.

Alber t et

~·

(1956) conducted a series of experiments

with young growing f at t ening lambs fed purified diets to determine
sulfur requirements.
9~~

came from urea .

The basal diet contained 2.02% nitrogen of which
He then $Upplemented t he basal diet with varying

levels of elemental sulfur, sodium sulfat e or methionine.

It was

concluded on the basis of fitted curves that the dietary requirements
under these conditions ·were 0.47 ~ 0 . 02&fo (N: S ratio 4.9:1) for
,

"'

,

e~emen~a~

and 0.64

1 ~

su~~ur ,

~ 0.04~fo

1 •~nt + 0 e l•lJPl
(N·S
1 ·~
L •

r~.._.:c
"~
·
~w~
( • /•

1
-

)

~or

~

(N:S ratio 17.6:1) for methi onine.

sod;um

--

--~· 1 f~.._,..,
~w~

~~-

Rendig and Weir

(1957) fed yearling wethers alfalfa grown on soils of varied sulfur
content and c oncluded that
good gains.

O.l5~fo

total dietary sulfur resulted in

Presumably much of this sulfur would have been in the

form of plant methionine or cystine.
favorably with Albert

!i

The results compare very

al. (1956) when he showed that the requirement

of sulfur in t he form of methionine was 0.13&fo of the diet.

Starks

~ ~- (1954) f ed lambs a purified diet low in sulfur content (N:S

ratio 37.8: 1 ) or supplemented it with varying level s of elemental
sulfur, sodi um sulfate or DL methionine and found that control lambs
lost weight throughout the study.

Average daily gain and feed

efficiency were maximized when elemental sulfur was added at O.~fo
(N:S ratio 4. 8 : 1 ), sodium sulfate at 1.33% (N : S r atio 6.7:1) or
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methionine at 0.5% (N:S ratio 15.3:1).
he concluded the elemental sulfur was
unpalatable as only

4 out of the

From the basis of this work,

50%

digestible as well as very

12 lambs would eat the diet.

These

results were also very comparable to those of Albert et al. (1956).
Evans and Davis (1966) using purified diets found the optimum
level of sulfur for maximum cellulose digestion in fistulated steers
and intact lambs to be 65 mg sulfur/ml of rumen fluid.

This level

could be obtained by feeding Q.29% of sulfur as sodium sulfate.

Moir,

Somers and Brag (1967) have concluded that the optimum level of sulfur
in the diet of sheep, fed sodium sulfate, if maximum nitrogen is to
be retained, is 0.14% and that
to dict~~y zulf~~ is 10:1.
~vitro

th~

optimum ratio of dietary nitrogen

Barton, Bull and Tiemhen (1971) reported

studies which showed maximum cellulose digestion, on purified

and corn fodder diets, was obtained when 0.14 to 0.17% sulfur was
contained in the diet.
The additions of sulfur to practical diets have not been as
consistent as those with the purified diets.

Many reasons have been

given as their failure to show any results; the diets were high enough
in the sulfur content, the levels of sulfur added were too small or
insoluble or there were soluble sulfur compounds in the drinking water.
Sometimes additions of sulfur have led to depressed gains or feed
efficiency.
Bull and Vandersall (1973), in testing calcium sulfate, sodium
sulfate, DL-methionine and methionine hydroxy analogue, showed that all
sulfur sources were equal in their ability to promote cellulose
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digestion~

vitro.

They found the optimum sulfur content to be

between 0~16 and 0.24% of the diet.

In a subsequent feeding trial with

dairy steers comparing sodium sulfate, methi onine hydroxy analogue and
DL methionine, they found the sodium sulfate was superior to the other
two sources.
Goodrich, Johnson and Meiske (1967), in four feeding trials (2
growing, 2 finishing), added 0.25% elemental sulfur to linseed meal
and urea supplements.

In the growing phase , high corn silage diets

were fed, while ground ear corn was the major di.et component in the
finishing trial.

Sulfur addition to the linseed meal increased the

feed requirement per hundredweight of gain from 733 to 756 kilograms.
IL. a la-r.b mot.abclism t:r-ic:.l usir;.g

die~r:; co~pcscd

o!" ground eo.r corn W.'1d

urea supplements , sodium sulfate (1.11% of supplement) and elemental
~ulfur (0.2~~

of the supplement) significantly improved (P(.Ol) crude

protein di gestibility over controls.

Nitrogen retent ion favored the

lambs fed supplemental sulfur.
Davidson (1971) added inorganic sulfur in the form of sodium
sulfate or calcium sulfate supplemented at the rate of
for each 10 parts of nitrogen from urea.

~

part of sulfur

Average daily gain of

finishing cattle fed the sodium sulfate and calcium sulfate supplements
over the control supplement respectively were 2. 76, 2.78 and 2.70
pounds.

Sulfur additions significantly improved feed efficiency.

Improvements were slightly greater for calcium sulfate (P (.01) than
for sodium sulfat e (P( .05).

The feed required for hundredweight of

gain for sodium sulfate , calcium sulfate and the control was 823, 814
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and 865 l b,

respec t i vely ~

He found no significant improvement in

average dai l y gai n from adding methionine or methionine and sodium
sulfate to t h e urea supplement; however the sodium sulfate plus methionine additions to the urea supplement resulted i n a significant
(P <. .05) increase in feed efficiency over the control (834 vs 865 lb)
but this was not as great an improvement as the addition of sodium
sulfate alone.
In earlier experimentation, Lofgre en , Wei r and Wilson (1953)
found no i mprovement in weight gains, feed u tili zation nitrogen
retention or wool growth on lambs when he added anhydrous sodium sulfate
to a 13.1¥';6 pr otein equivalent diet in which 4c1';6 of the nitrogen was

determined by chemical analysis was 9.3 :1 and the supplemented diet
was

?.4:1.

Davis, Williams and Loosli (1954) compared soybean, urea

and urea plus sodium sulfate· supplements, with 8, 10 and 8:1 N:S
ratios, fed t o dairy cows with

an~

libitum intake of corn silage and

timothy hay and found no advantage for the sulfur additions.

They

concluded that the natural feedstuffs were adequate in sulfur.
Jones and Haay (1946) and Jones, Haay and Wes wig (1952) had
conflicting results on two experiments when 1.~;6 sodium sulfate was
added to similar diets containing less than 0.1% natural sulfur.

In

the first experiment, average daily gain for heifers was increased

(1.4 to 1.8 lb daily) while the second showed no a dvant age for the
sulfur additions .

In contrast, Bro\4ll!! ~· (1960) fed 36 dairy

heifers in 6 gr oups 1 lb of corn cobs and 1 . 5 l b c orn s ilage per 100 lb
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body \veigh.t daily .

Groups 1 , 2, 3, 4 and 5 received a high urea

supplement whereas group 6 received a s oybean meal supplement.

GrGups

2, 3 and 4 re c ei ved sodium sulfate and group 5 received methionine
The N: S ratio for the groups 1 through 6, respectively,

hydroxy analogue.

were 22.3, 6.4, 12 .0, 16.4, 12.8 and 13 . 3 : 1 .

In the same order the

average gai n in pounds over a 90-day trial were 72.4, 94.3, 84.6, 97.7,
87.7 and 102 . 5 .

All the levels and sourc es of sulfur significantly

increased daily gain but none approached the average gain of the
conventional supplement.
Sokolowski , Hatfield and Garrigus (1969) conducted nitrogen and
sulfur balance and found a significant increase (P <.05) in both
r..i tr o ~ e!l ~"ld s'..!lfu:- ret~nti()~ •::he~ clc::1c::tal r:;ulf-:1:;:- '.·:as aC.1cd ~:t the
0.47~

level to a diet with

1~~

protein equivalent consisting of 3ryfo

corn, 1~~ of 5~~ corn starch and 3 . ~~ potassium ni trate.
Borichard and Conrod (1972) utilizing a 5 x 5 Latin square
design fed a semipurified concentrate and corn silage as a basal diet.
It contained

0. 0,50~

sulfur.

Sodium sulfate and a c ombination of

potassium s ulfate and magnesium sulfate were fed at t wo levels above
the basal.

With sodium sulfate , positive sulfur balances were main-

tained when t h e dietary level reached 0.14% .

Maxi mum sulfur balance

was obtained at 0 . 1 &~ dietary sulfur with sodium sulfate.

High levels

of sodium sulfate (0.26%) fed as well as potassium sulfa te and
magnesium s ulfate resulted in decreased sulfur balance.

Maximal

plasma amino a ci d levels were attained with O.l~fo sul fur in t h e diet
as sodium sulfate .

Both plasma amino acids and feed intake were
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suppressed in the periodS when potassium sulfate and magnesium sulfate
were fed.

It was concluded that

0.1&~

sulfur in the daet furnished as ·

sodium sulfate will provide optimum dietary intake for sulfur in
lactating cows.
Quality of Protein
The mixture of amino acids leaving the rumen and entering the
alimentary tract consists of those from bacterial, protozoal and food
..

protein.

With increasing levels of dietary nonprotein nitrogen, the

contribution of the microbial protein becomes more important.

Some

insight as to the quality of microbial protein has been gained by amino
acids analysis _and by feeding microbial preparations to laboratory
animals for nutritive value assessment.

Loosli ~ ~- (1949) showed

that all ten essential amino acids were synthesized in the rumen from
purified diet in which all but traces of the nitrogen was supplied by
urea.

McNaught

~ ~-

(1954) fed dried rumen bacteria and protozoa

to rats to determine the biological value and true digestibility.

They

found that the biological value for the bacteria and protozoa to be 81
and 8CY~, . respectively, and the true digestibility to be -74 and 9l%,
respectively.

Hungate (1966) indicated the protein content of the

rumen microorganisms is about

6~fo

on a dry matter basis.

He also

cited research data from Australia that showed the amino acid
composition of microbial protein taken from fistulated steers fed four
different diets was relatively const~~t.

Abdo, King and Engel (1964)

compared amino acid composition of dried mixed ruminal bacteria and
protozoa to that of soybean meal and calculated the true di ges tibility
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to be l ower for the microbial protein 7&fo vs

9~fo ,

but the protein

effic i ency ratio to be greater from the mi crobial pr otein 3.60 vs 1.00
for the soybean control.

As a protein sour ce, he suggested that the

prepar a t ion of microbial protein could replace approximately 175% of
its wei ght as soybean protein.
limiting .

Sulfur amino a c i ds appeared to be

I t has been suggested that the nu tri t ional value of rumen

microbial protein is similar to that of casein
and McNaught

~

(Johnson~

al., 1944

al . , 1950).

Fe eding trials of all types, \-lhether they are metabolism or
practical feeding , can serve as a measure of protei n quality .

The

units of measure do not have to be amino acid compos ition, blood levels
of

~rr. i .!l o a~ids ~

bu-t ;:;:ro'VJth re. te, feed efficie!!cy , types 0:f gai n ,

changes in .body composition are the practical measures of type of
feeds fed.

Whenever performance of nonprotein nit rogen feeds are not

equal to natural protein rations which many times . is the case, this is
evidence of inferior protein metabolism.

This is no t to say that

improved me thods of feeding urea and urea-type compounds will not
some day have equivalent biological value to the

ruminru~t

animal, but

rather some day when the right combination of energy , nitrogen
minerals a r e found , the feeding value of nonprotein

nitroge~

ru~ d

compounds

will be equal to natural protein.
General Considerations
A rumi nant is not just a rat with hoofs , but rather a unique
animal with his own habits , abilities and distinctive di gest ive s ystem.
Ruminan t s , t hrough the medium of the reticule-rumen and i ts symbiotic
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relationship with microorganisms, may satisfy their metabolic
requirements with dietary inorganic nitrogen and sulfur compounds and
cellulose substru1ces that are nutritionally inadequate for the nonruminant species .
Mitch ell ( Muth and Oldfield, 1969) has provided an effective
reminder of the remarkable digestive adaptati on of ruminants when he
stated,
Subsisting upon bulky rations of plant foods, the ruminant
has developed an efficient method of meeting this difficult
situation. Possessing no cellulases to dissolve cellulos es
contained in plant walls, the ruminant harbors vast hordes
of symbiotic microorganisms and delegates this task to them .
He a cc ommodates them in specialized dilated segments of the
alimentary canal, preeminently the reticula-rumen . Besides
yieldi ng large volumes of gases (C02 and CH4) together \vi th
e-h('\ . . . +- "h"'l."' ..p...,.~..t..,,. """""..a...._,
...,,...;d .... (?
+-c LL ,....., .... 'h,... .... e ) .;n a.:m'"'''Yitr t"
"-""
provide more tha~ 5CY;b of the energy needed by th e host
animal for equilibrium, these symbionts also perform many
syntheses of nutrients, such as vitamins and amino acids,
of bene fit to the host . The dietary protein in the reticularumen involves proteolysis by bacterial proteases , yielding
amino acids and other nitrogenous compounds . ·
.;:.J

-4v

VJ..

~

.;.J.

.._'-"""...,

l

1

V~.JV 4.1..:J

..J..J.
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Depending upon conditions, a considerable but variable proportion

(63 to

8~fo

of the amino acids and ammonia) thus produced is synthesized

into bacterial proteins , which are then available to the host after
hydrolysi s by the host or by bacterial proteases (Muth and Oldfield,

1969).
Ruminant nutritionists must not only marvel at but take full
advantage of those species' special anatomical structure to supply
energy and nitrogen
nonprotein nitrogen .

i~

the proper proportions to more fully utilize

Furthermore, a source of sulfur added at the

rate of one part to each ten parts of added nitrogen from nonprotei n
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sources seems to be needed as an aid for efficient utilization of
nitrogen.

Preformed sources of protein do not normally contain a

surplus of sulfur (NRC, 1971).
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PROCEDURES

The experiments reported herein were conducted at the Beef
Cattle and Sheep Nutrition Unit of the South Dakota Agricultural
Experiment Station at Brookings, South Dakota.
Experiment 1
Initiated on July 5, 1972, Experiment 1 was designed (a) to
compare soybean meal and urea as protein supplements in a high
concentrate diet for feedlot lambs under various conditions of sulfur
and methionine supplementation and (b) to determine the value of
various levels of sulfur, with and without methionine, when urea was
used as the major suppleu1ental protein in high _concentrate diets for
feedlot lambs.
Four hundred and thirty-two ewe and wether Texas feeder lambs
were used in a 2 x 2 x 3 x 3 factorial experiment.

The lambs were

stratified by weight and allotted into 36 pens of 12 each for 12
dietary treatments replicated three times.
and wether lambs were assigned to each pen.

An equal number of ewe
The twelve dietary

treatments were as follows:
Soybean meal control
Soybean meal + methionine
3. Soybean meal + calcium sulfate (Ll)
4. Soybean meal + calcium sulfate (Ll) + methionine
5. Soybean meal + calcium sulfate (12)
6. Soybean meal + calcium sulfate (12) + methionine
7. Urea control
8. Urea + methionine
9. Urea + calcium sulfate (Ll)
10.· Urea + calcium sulfate (Ll) + methionine
11. Urea + calcium sulfate (12)
12. Urea + calcium sulfate (L2) + methionine

1.
2.

The diets consisted of
as a complete mix.
o.~fo

lryfo

9~b

concentrates fed

Diets were formulated to contain 12.ryfo protein,.
a~d

calcium, 0.3ryfo phosphorus

basis.

prairie hay and

o.6ryfo

potassium on an air-dry

Vitamin A, vitamin E and chlortetracycline (CTC) were added to

supply 550 IU, 20 IU and 10 mg, respectively, per pound of feed.
Calcium sulfate (CaS04) at the lower level (Ll) was added on the basis
of 1 part of sulfur to 10 parts of nitrogen from urea.

The higher

level (L 2 ) was added to supply 1 part of sulfur . for each 5 parts of
nitrogen from urea.

The s ame quantity of the compound was added to

the soybean meal diets to provide the two levels of added calcium
sulfate with soybean meal.
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supplemental methionine.
Ingredient composition of the diets is presented in table 1.
All of the corn grain was from the same source.

The prairie hay was

baled at the Eureka Experiment Station and hauled to the Brookings
unit.

Soybean meal, urea, calcium sulfate and methionine hydroxy

analogue

c alci~~

were commercial preparations.

Protein and sulfur

contents of these ingredients are presented in table 2.
The lambs were drenched with Tramisol for control of internal
parasites and vaccinated twice, 2 weeks apart for prevention of
overeating disease.

They were fed once daily in outside, unpaved pens

without a ccess to shade or s helter.

One replication of lambs was

implanted with 12 mg of zeraralanol, one replication with 3 mg of

TABLE 1.

INGREDIENT COMPOSITION OF DIETS FOR EXPERIMENT 1

0
Prairie hay, %
Rolled corn grain, %
Soybean meal (44%),%
Urea ( 4~;0 N) , %
TM salt, %
Dicalcium phosphate, %
Limestone, %
Potassium chloride, %
Calcium sulfate, %
Vitamin A (30,000 IU/g), g/100 lb
Vitamin E (100,000 IU/lb), g/100 lb
Aureomycin-10, g/100 lb

10.00
79.20
8.80

----0.50
0.15
0. 85
0.50

-----

1.80
9.10
45.4o

SBOM Dietsa
Added Sulfur
Llb

Urea Dietsa
Added Sulfur
Llb

12°

0

10.00
79.05
8.80

10.00
78.90
8.80

10.00
86.35

10.00
86.20

10.00
86.05

0.15
0.69
0.50
0.31
1.80
9.10
45.40

0.50
0.15
0.53
0.50
0.62
1.80
9.10
45.40

1.15
0.50
0.45
0.80
0.75

1.15
0.50
0.45
0.64
0.75
0.31
1.80
9.10
45.4o

1.15
0.50
0.45. .
0.48
'0.75
0.62
1.80
9.10
45.40

----0.50

-... ---

----1.80
9.10
45.40

L2c

aMethionine hydroxy analogue calcium added at 0.0~% to obtain diets with added methionine.
bLl=l part added sulfur as calcium sulfate to 10 parts nitrogen from urea.
0 L2=l part added sulfur as calcium sulfate to 5 parts nitrogen from urea.

\.N
\J1
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TABLE 2.

PRarEIN. AND SULFUR CONTENTS OF FEED INGREDIENTS

USED IN EXPERIMENTS 1 AND 2 (AIR-DRY BA&IS)

Protein
00

Corn, ground
Ear corn, ground
Prairie hay
Urea ( 45';6 N)
Soybean meal
Calcium sulfate
Sodium sulfate
Methionine hydroxy
analogue calcium

9.23
8.92
8.23
281

41+

Sulfur

N:S Ratio

~0

0.11
0.089
0.-12

13:1
16:1
11:1

0.43
16.7
22.6

16:1

18.4

diethystilbestrol (DES) and the third replicati on served as the implant
COI.1.trol.
The lambs were raised to full feed by starting at 0.5 lb of the
appropriate mixed diet and 2.0 lb prairie hay per head daily.

The hay

was decreased 0.2 lb daily until removed from the diet after 10 days.
The experimental diets vrere increased 0.2 lb daily during the first 10
days and then at 0.1 lb daily until full feed was reached.

Thereafter,

feed was offered in amounts to be nearly consumed by the .next feeding.
The lambs were allotted on a basis of shrunk weight after
standing without feed or water for 18 hours.

The lambs were weighed

without shrink but before being offered the daily feed at the start of
the experiment and every 3 weeks thereafter until the average weight of
about 120 lbs was obtained.

The measures of dietary treatments were

average daily gain, feed consumption, feed efficiency and carcass
characteristics .
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Two l ambs died over the course of t he experiment.

One lamb

from the urea control treatment died 12 days after the. start of the
experiment.

Although post-mortem examinat i on by the Veterinary Science

Laborator y failed to show the cause of death , urea toxicity was
suspected.

On the 72nd day of the trial, a l amb from the soybean meal

plus calcium sulfate treatment died from r e c t al prolapse.
presented only for lambs completing the experiment.
adjusted f or the losses by

ded~cting

Data are

Feed data were

an average daily amount of feed

during the time these lambs were on the experiment.
Experiment 2
Initiated on November 14, 1972, this experiment was conducted
(a) to compare soybean meal and urea as protein s upplements for high
concentra te finishing diets, (b) to determine the value of the addition
of sulfur t o the protein supplements and ( c) to c ompare calcium sulfate,
sodium sul fate and MHA as sources of supplemental s ulfur.
Two hundred sixteen native ewe and \'Jether lambs originating from
northeastern South Dakota

vJere

sorted by sex, stratified by weight and

allotted to 24 pens of 9 lambs each with 5 ewe lambs and· 4 wether
lambs.

There were eight treatments of three replications each.

eight dietary treatments were as follows:
1.
2.

3.
4.

5.
6.
?.

8.

Soybean meal control
Soybean meal plus calcium sulfate
Soybean meal plus sodium sulfate
Soybean meal plus methionine hydroxy analogue calcium
Ur ea control
Urea plus calcium sulfate
Ur ea plus sodium sulfate
Ur ea plus methionine hydroxy analogue calcium

The

The sulfur from the respective sources was added on the basis of

1 part of sulfur to 10 parts of nitrogen from urea.

The quantity of

the sulfur containing compounds were added to the soybean meal at the
same rate as for the comparable urea diet.
The ground ear corn used in this experiment was field harvested
at approximately 3ryfo moisture, ground with a hammer mill through a

3/4 inch round holed screen and stored in either a concrete stave silo
or an oxygen-limiting structure.

During the first one-half of the

experimental period, the lambs were fed from the oxygen-limiting silo
and duri ng the remaining period they were fed from the concrete stave
structure.
me~,

urea

The supplement was made from mill run corn.
~~d

the three sources of sulfur were

The soybean

co~~er~ial preparatio~s.

The ingredient composition is shown on table 3 and the chemical
composition of the ground ear corn and the supplements are shown on
table 2.
The lambs were fed once daily in outside, unpaved pens.

The

lambs were drenched with Trarnisol for control of internal parasites and
vaccinated twice, 2 weeks apart for prevention of

overea~ing

disease.

All of the lambs were implanted with 3 mg of diethylstibestrol.

The

lambs were preconditioned before the start of the trial and accustomed
to a full-feed of ground ear corn for the 2 v1eeks prior.

The lambs

were allotted on the basis of a shruru( weight, standing without feed
or water 18 hours before the initial weight was taken .

Thereafter,

the lambs were \-Jeighed every 3 \·reeks without shrink but before the
daily offering of feed.

A final shrunk vreight \-Tas taken to determine

TABLE

I ngredients

3.

INGREDIENT COMPOSITION FOR SUPPLEMENTS FOR EXPERIMENT 2
So~bean

Control

CaS04

%

%
20.13
63.46

Corn
21.15
Soybean meal
63.46
Urea
Limestone
9.89
TM salt
5.50
Potassium chloride
_._ ___
Calcium sulfate
Sodium sulfate
Methionine hydroxy analogue ----Vitamin A (30,000 IU/g),
45
g/100 lb
Vitamin E (100,000 IU/g), 100
g/100 1b
Aureomycin 10, g/100 lb
454

-----

---------

----8.75
5.50

----2.16

-----

----45

Meal
NazS04

Urea
CaS04 Na2S04

NHA

Control

%

%

%

%

%

%

19.56
63.46
___ _. .....

19.74
63.46

75 -50

74 . 50

73-91

74 . 12

8.01
10.44
5.50
0.55

8. 01
9.28
5.50
0.55
2.16

8.01
10.44
5.50
0.55

8. 01
9.86
5 . 50
0 . 55

9.89
5.50

-----

----9.34
5.50

--------- ----1.59
-------...- 1.96

-------------

--------45

MHA

1.59

-----

1.96
45

45

45

100

100

100

100

100

100

100

454

454

454

454

454

454

454

45

45

\.N
\.0
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weight gain and feed efficiency.
weight of 120 pounds.

The lambs were fed to a final average

The measures of the dietary treatments were

average daily gain, feed consumption, feed utilization and carcass
charact eristics.
Moisture and nitrogen analyses of the feed fed in the two
experiments were conducted according to the methods of the A.O.A.C.
(1960).

Sulfur analyses of the feed samples were conducted

~ccording

to the methods outlined by Chap~an and Pratt (1961).
Statistical analysis for each experiment was performed . using
Least Squares Procedures.

There were no significant interactions

between implant treatments and protein sources or sulfur levels in
Experi~e~t

treatments.

l .

Therefore, results

~e

pressntei

~vera~ei fo~ impl~~t
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RESULTS AND DISCUSSION
Experiment 1
In Experiment 1, the primary objective was to determine the
effec ts of supplementing high concentrate diets for finishing lambs
with sulfur when soybean meal or urea was used as the supplemental
protein.

Secondarily, it was desired to determine the benefits of

supplemental methionine as methione hydroxy analogue calcium to
diets with the

~wo

sources of supplemental protein when fed with and

without supplemental sulfur.
table

4.

percent.

Results of the experiment are shown in

There was some variation between treatment groups in dressing
It was considered that final weight adjusted to a constant

dressing percent \vould more accurately represent comparisons between
treatments.

Therefore, final weights were adjusted to a constant yield

of 54% for all treatments which was the approximate average yield for
all lambs i n the experiment.

Average daily gains and feed requirements

were then calculated on basis of the adjusted weights .
Lambs fed diets with soybean meal gained at an average rate of

0.532 pound.

The overall a verage daily gain was 0.475 lo for lambs

fed diets with urea.

The difference of 0.057 lb daily (12.cr;6)

signi ficant (P< .01).

·vJas

Lambs fed soybean meal consumed more feed but

required 6.2}~ less feed per 100 lb of gain (P< .01) •
Differences in carcass characteristics between t ype of protein
supplements Here small.
meal.

Advantages were in favor of lambs fed soybean

Hm·rever , these lambs made a faster rate of gain a..'1d carcasses
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TABLE 4. SULFUR AND METHIONINE SUPPLEMENTATION WITH
SOYBEAN MEAL AND UREA FOR FEEDLOT LAMBS
(EXPERIMENT 1 - JULY 5 TO OCTOBER 3, 1972 - 90 DAYS)
CaS04
(Ll)
Control

MFfA

CaS04
(L1)

+
NHA

CaS04
(L2)
CaS04
(L2)

+
·HHA

Meal Diets
36
36
36
36
35
71.6
71.9
71.3
71.6
71.3
118.0
115.2
116.3
115.8
117.9
0.530
0.546
0.545
0.523
0.538
3.02
3.01
3.00
2.93
3.09
562
570
549
554
577
64.7
64.9
65.1
64.9
63.7
56.1
56.0
55.2
54.8
55.4
12.2
12.3
12.4
12.5
12.3
2.1
2 .0
2.1
2.1
2.1
11.2
10.3
10.3
10.8
10.1
12.5
12.4
12.7
12.7
13.5
10.6
11.4
10.9
10.8
10.8

So~bean

Number of lambs
Initial wt, lb
Final wt, lb
Avg daily gain, lba
Avg daily feed, lb
Feed/100 lb gain, lba
Carcass wt, lb
Dressing percent
Conformation gradeb
Maturityc
Flank streakingd
Featheringd
Carcas s gradeb

36
71.6
114.8
0.50.9
2.84
560
63.4
55.2
12.4
2.2
10.5
12.6
10 . 6

Number of lambs
Initial wt, lb
Final wt, lb
Avg daily gain, 1ba _
Avg daily feed, 1b
Feed/100 lb gain, lba
Carcass wt, lb
Dressi ng percent
Conformation gradeb
MaturityC
Flank streaKingd
Featheringd
Carcass gradeb

Urea Diets
36
36
36
36
36
35
71.3
71.2
71.5
71 .6
72.0
72.2
110.8
.
109.8
113.2
112.4
115.1
115.1
o.44o
0.483
0.452
0.495 · 0.483
0.499
2.81
2.76
2.79
2.81
2.94
2.88
632
623
581
583
594
581
60.0
62.1
60.5
62.1
63.0
63.2
54.8
54.5
54.5
54.7
55-3
55.0
11.8
11.8
12.3
11.6
11.9
11.7
2.1
2.0
2.1
2.0
2.1
2.0
9.6
10.5
9.8
10.5
9-9
11.0
12
.6
11.7
11.9
12.3
12.4
12.5
10.6
10.6
10.9
10.7
10.9
11.0

aAdjusted on- the basis of a 54% carcass yield for all treatments .
baood = 8, Choice = 11, Prime = 14. Graded to one-third of a grade .
CA- maturity = 1, A+ maturity = 3·
dTraces = 8 , Slight = 11, Small = 14.

were heavier.

This appears to have been a major factor in differences

in carcass characteristics.
The greatest difference in weight gain between soyb.ean meal and
urea groups occurred during the first 3 weeks of the experiment.
During this time, lambs fed soybean meal gained 0.463 lb.daily (unadjusted basis) in comparison to 0.274 lb f or those fed urea (table 5).
Thereafter, there were

smalle~

differences between the two groups but

\dth no consistent later compepsation for the initial depression.
The difference between groups merely became less with increasing days
on the experiment.

HO\·rever, the advantage of about 4 lb in average

gain per lamb-- after 3 weeks for soybean meal existed at the end of the
eX!leriment ..
Improvement in nitrogen utilization from urea with increasing
time of supplementation has been observed by several researchers.

The

period of adaptation for maximum utilization of urea has been reported
to be from 17 days (Caffery
(Smith ~ ~-, 1959, 1960).

!i ~.,

1967b) to as much as 50 days

A lower rate of gain with urea is

generally evident for lambs and cattle during the first month in the
feedlot, but may be influenced in length and severity by age of
animals, previous feeding, nature of the diet and level of urea (Embry,
1973).

The importance of the period of adaptation to urea \.vould

appear to depend somevlhat on the total length of the feeding period.
The reduced performance during this period would become of lesser
importance \vi t .h increasing length of the feeding period.
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TABLE 5.

Treatment

AVERAGE DAILY GAIN (UNADJUSTED) BY
WEIGHT PERI ODS - EXPERIMENT 1
Last Period

Heal
To Date

lb

lb

.So~bean

22
Control
CaS04 (Ll )
CaS04 (L 2 )
MHA
CaS04 (Ll) + MHA
CaS04 (L2 ) + MHA
Avg

0.354
0.530
0.524
0.506
0.418
0.448
0.463

Control
CaS04 (L1 )
CaS04 '(L2 )
MHA
CaSOL~ (Ll) + MHA
CaS04 (L2 ) + MHA
Avg

0.781
0.742
0.734
0.689
0.808
0.738
0.749

Control
CaS04 (L1 )
CaS04 (L2 )
MHA
CaS04 (Ll ) + MHA
CaS04 (L2 ) + MHA
Avg

0.459
0.532
0.544
0.513
0.566
0.598
0.535

Control
CaS04 (L1 )
CaS04 (L2 )
MHA
CaS04 (L1 ) + MHA
CaSo4 (L2 ) + MHA
Avg

0.630
0.538
0.549
0.636
0.581
0.561
0.582

20 Dals
Control
CaS04 (Ll)
CaS04 (L 2 )
HHA

CaS04 (L1 ) + MHA
CaS04 (L2) + }!HA
Avg

Urea
Last Period
lb

To Date
lb

~ays

0.292
0.325
. 0.196
0.331
0.276
0.223
0.274
43 Days
_0.563
0.634
0.627
0.596
0.607
0.590
0.603
64 Days
0.528
0.600
0.600
0.569
0.586
0.592
0.579
85 Days
0.553
0.585
0.587
0.585
0.585
0.585
0. 580
(Shrunk Heis:ht)

o.48o

0.497
0. 519
0.495
0. 481
0 . 514
0. 498

0.828
0.756
0.743
0.832
0.741
0.727
0.771

0.554
0.535
0.463
0.575
0.503 .
0.477
0.518

0.439
0.542
0.552
0.460
0.608
0.501
0.517

0.516
0.538
0.492
0.538
0.538
0.485
0.518

0.646
0 . 439
0.472
0.525
0.534
0. 424
0.507

0.548
0.513
. 0.487
0.535
0.537
0.470
0.515
0.477
0.455
0.439
0.478
0.463
0.428
0.457
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I nteresting results from the experi ment were the weight gains
obtained fr om sulfur and methionine supplementation.

Lambs fed soybean

meal supplemented with calcium sulfate gained 0.036 lb more daily
(P

<.01)

\vi th essentially no difference betvreen the two levels of · the

sulfur supplement .

On the other hand , urea-fed lambs gained at a

lower rate when supplemented with sulfur with weight gains being lowest
at the hi gher rate of sulfur supplementation .
Feed c onsumption was higher for lambs f ed soybean meal when
supplemen t ed with calcium sulfate.

However , t her e were only small

differences in feed requirement in comparison t o soybean meal without
added sulf ur .

For the urea-fed lambs, feed intake was about the same

fer di e t s with ~1d without calciwT& sulfate .

Feed r equi raman ts .were

also about the same with methionine and calcium sulfate supplementation
except being some greater at the higher level of calcium sulfate.
There appeared to be no beneficial effects f rom methionine
supplementation, with or without added sulfur, with either soybean
meal or urea diets.

The level of methionine hydroxi analogue was low

and would have contributed a very small amount of s ul fur_ to the diets.
The diets vrere analyzed for nitrogen and sulfur.
sulfur ratios were as follows:
Soybean meal
Soybean meal
Soybean meal
Urea control
Urea + CaS04
Urea + CaS04

control
+ CaS04 (Ll)
+ CaS04 (L2)

(Ll)
(L2)

N:S
14. 0 : 1
10.2 :1

8 . 0 :1
17.9 : 1
12 . 1 : 1
9 . 1 :1

Nitrogen to

Loosli (1952) on basis of muscle tissue analyses .suggested that
the optimum ratio of nitrogen to sulfur was 15:1.

Research with sheep

indicates that the optimum N:S ratio is probably no greater than 10:1
(Moir et al., 1967), but the dietary ratio may vary depending upon
solubility of the sulfur compounds (Hodgrnans, Weast and Selby, 1960;
Albert~~.,

1956).

The higher rates of gain obtained when supplementing the soybean
meal diets with calcium sulfate would

indi~ate

that the soybean meal

control diet vJas low in sulfur for optimum gain of the lambs.

Most of

the advantage for sulfur occurred during the early part of the experiment.

The lambs had an ·average initial weight of approximately 72 lb

and were

i!'lcrea~ed

t6 a f".lll :feed of the diets

!irst 2 weeks of the experiment.

The procedure resulted in a lower

intake of protein during this time than after a full feed was reached.
The level of protein i:1 the diets (calculated at 12'fo) is in excess of
recommended levels for lambs of the weights in this experiment,
especially after the fi~st fevr weeks (NRC, 1968).

This may have been

a factor in the lack of any consistent response to sulfu~ supplementation after the first 3 weeks--the lambs were consuming an excess of
protein of which there was some wastage resulting in a less critical
nitrogen to sulfur ratio.
The urea control diet was lower than the one with soybean meal
in sulfur content, but no improvement in performance was obtained from
sulfur supplementation.

It would appear that factors other than level

of sulfur were involved in the lower rates of gain with urea.

The
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level of urea in the diets

(1.1~~'

table 1) is in excess of commonly

recommended levels (1% of the air-dry diet).

The level of urea also

exceeds the amount of urea supplementation that can be utilized
efficiently vii th diets composed of corn grain and low levels of roughage
as calculated by the urea fermentation potential procedures proposed
by Iowa researchers

(Burroughs~

al., 1971).

Experiments with cattle

have shown higher rates of gain when urea made up a smaller percentage
of diets composed largely of

g~ound

ear corn (Swan and Embry, 1973).

Methionine hydroxy analogue or calcium sulfate did not appear
to offer any benefit from the initial depression in weight gain with
urea (table 5).

experiment.

The higher level of supplementati on resulted in some

This level of sulfur supplementation reduced feed intake

slightly and resulted in higher feed requirements .
The differences in performance of lambs fed soybean meal or
urea and with methionine or urea supplements appear to be explainable
largely on basis of performance during the early part of the experiment.
The level of urea (1.1~~ of the diet) is higher than com~only
recommended and probably was a factor in the lower performance for this
group.

There appeared to be no consistent effect of the sulfur

supplementation with either soybean meal or urea after the initial

3 week period.
The period involved in apparent adaptation to urea is important
in finishing lambs.

It may comprise a large part of the total feeding

period and would be of more concern than in finishing cattle where
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feeding periods are generally much longer .

Re s ults of this experiment

i ndi c ate no benefit of sulfur supplementati on i n overcomi ng t he
depression in

perform~Dce

of urea some\·.rhat lower

of lambs during adaptation to urea.

tha~

Levels

used i11 this experiment mi ght give more

favorable results .
Experiment 2
I n this experiment , three sources of supplemen tal sulfur -cal cium sulfate , sodium sulfate- or methionine hydr oxy analogue calcium'-'Jere compared

vJhen

using soybean meal or urea as s upplemental protein.

The maj or ingredient in the diets \vas high moisture

gr ow~ d

rather ·than c orn grain and prairie hay as in Experi ment l.

ear corn
The lambs

were incr eased to a full feed of the ground ear corn prior to i n troducing t he s u pplements which \·Jere fed at a constant rat e of 0.3 lb daily.
Result s of the experiment are presented in table 6.

Wei ghts were

adjus t e d as in Experiment 1 but using a constant yi el d of 5~6 which was
approximate average yield for the lambs in this experime nt.
As i n Experiment 1, rate of gain \vas affec ted by the type of
protei n s upplement .

Lambs fed grou..lld ear corn with s oyb ean meal gained

0.588 lb da i ly in comparison to 0.567 lb for those fe d the urea
suppl ements ( P

<. 01).

Differences in feed intake bet\·Jeen the two

suppl emental sources of protein \-Jere small and nonsigni f icant .

However,

lambs f ed soybean r.1eal and making the faster rat e of ga i n , had lm\rer
feed r equi reme!lts (P < .05 ).
The lambs in Experiment 2 \oJere of lighter initia l weigh t and
were f ed for a longer time tha..'1 those· in Experiment _l .

Even th ough

TABLE 6.

SULFUR AND METHIONINE SUPPLEMENTATION WITH SOYBEAN MEAL
AND UREA FOR FEll>LOT LAMBS
(EXPERIMENT 2-NOVEl-ffiER 14, 1972, to MARCH 5, 1973-111 DAYS)
Meal Diets
CaS04
Na2S04

Urea Diets
CaS04
Na2S04

So~bean

Control
Number of lambs
27
Initial vrt, lb
52.4
Final wt, 1b
116.9
Avg daily gain, lba
0.584
Avg daily feed, lb
Ground ear corn
3.16
Supplement
0.297
Total
3.46
Feed/100 1b gain,
lba
591
Carcass wt, 1b
58.6
Dressing percent
50.2
Conformation gradeb 13.1
Maturityc
2.7
Featheringd
15.5
Carcass gradeb
12.7

MHA

Control

MHA

27
52.9
119.2
0.608

27
53.6
117.8
0.569

27
. ~)3 .2
117.4
0.593

26
52.7
112.8
0.552

27
52.2
113.3
0.560

27
52.0
116.6
0.591

27
52.7
112.9
0.566

3-29
0.297
3-59

3.18
0.297
3.48

3.10
0.297
3.4o

3.18
0.298
3.48

3.12
0.297
3.42

3.06
0.297
3.36

3.13
0.297
3.43

590
60.2
50.5
13-3
2.7
15.3
12.5

612
58.3
49.4
. 12.9
2.7
14.1
11.6

5?2
59.1
:;o.4
12.9
2.7
14.1
11.8

13~0

611
57.1
50.7
13.2

2.7
14.5
11.8

15.1
12.3

631
56.9
50.5

~-5

569
5~-7

50.3
13.4
2.8
14.7
12.1'

609
57.7
51.0
12.9
2.8
14.8
12.0

aAdjusted on the basis of a 5ry~ carcass yield for all treatments.
bGood = 8, Choice= 11, Prime · = 14. Graded to one-third of a grade.
cA- maturity = 1, A+ maturity = 3.
dsmall = 14, Modest = 17.

~

\.0
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they were adapted to a full feed of the finishing diet prior to
introducing the supplements, there appeared to be a period of
adaptation to urea as in Experiment 1.

Lambs fed urea gained (unadjust-

ed basis) at a lower rate than those fed soybean meal during the first

3 weeks of the experiment (table 7). However , rates of gain were much
higher during this period than in Experiment 1, and the magnitude of
differe nce between the two sources of supplemental protein was much
smaller.

There appeared to be . no consistent compensation for the

initial reduction in performance during later stages of the experiment
except for lambs fed urea with sodium sulfate.

In this case, rate of

gain for the entire experiment was equal to that of lambs fed soybean
meal.
Lambs in this experiment were fed to a higher final carcass
grade than those in Experiment 1.

Even though urea-fed lambs had

slightly lighter carcasses in most instances, there were only small
differences between protein supplement groups in the carcass
characteristics measured.
Addition of the sulfur compounds to either the soybean meal or
urea diets had ~o significant effect on weight gain, feed consumption
or feed efficiency for the entire experiment.

Neither did they have

any effect on the reduction in weight gains during the first 3 weeks
of the experiment .

Sulfur treatments had no effects on ·the carcass

characteristics measured.
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TABLE 7.

Treatment

AVERAGE DAILY GAIN (UNADJUSTED) BY
\a/EIGHT PERIODS- EXPERIMENT 2

Soybean Heal
Last Period
To Date
1b
lb
23 DaYs

Control
CaS04
Na2so4
MHA
Avg

0.894
0.832
0.861
0.816
0.851

Control
Na2s 4
MHA
Avg

0.628
0.659
0.591
0.644
0.630

Control
CaS04
:~so 4
Avg

0.441
0.548
0.425
0.583
0.499

Control
CaS04
Na2so4
MHA
Avg

0.496
0.484
0.535
0.464
0.495

CaSO~

- 44 Days
0.767
0.750
0.732
0.734
0.745

Urea
Last Period
lb

To

Date
lb

0.741
6.667
0.678
0.666
0.688
0.651
0.646
0.688
0.649
0.658

0.714
0.657
0.682
0.658
0.678

0.635
0.592
0.613
0.612

0.475
0.544
0.509
0.528
0.514

0.591
0.591
0.598
0.568
0.587

111 Da;:ts
0.581
0.597
0.578
0.578
0.583

0.384
0.419
0.530
0.461
0.448

0.542
0.550
0.582
0.543
0.554

85

Da~s

o.oo8
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Average protein content of the diets ranged from 11.02 to
ll.l~fo.

Nitrogen to sulfur ratios were as follows:
N:S
15.9:1
12.1:1
12.0:1
11 •.9:1
19.9:1
13.9:1
13.9:1
13.9:1

Soybean meal control
Soybean meal + CaS04
Soybean meal + Na 2so4
Soybean meal + MHA
Urea control
Urea + CaS04
Urea + Na2 so4
Urea + MHA
The control diets
Experiment 1.

analyz~d

lower in sulfur than did those in

Rate of sulfur supplementation in relation to nitrogen

from urea was the same for the two experiments.

Therefore, lower

levels of sulfur were involved in Experiment 2.
:Di ets i:: tr..is experiment •:Jere lo•.-1er in total protei!'! tr..a..'l i:2

Experiment 1.

They also contained a lower percentage of urea, average

of approximately 0.69 vs

l.l~fo.

Average daily gain was slightly

higher but the difference resulted mainly from a much better performance during the first 3 weeks of Experiment 2.
The lack of apparent response to sulfur supplementation with
the soybean meal diets may have been due to inadequate sulfur
supplementati on.

The urea control diet was more deficient in sulfur.

While sulfur supplementation resulted in considerable narrowing of the
nitrogen to sulfur ratio, the diets were still low in the element
according to recommended levels for growing and finishing lambs (Moir
~ al., 1967; Albert et al., 1956 and Starks

Higher levels may have been more beneficial.

by results with the

soybe~~

!:l

al., 1952, 1954).

This might be indicated

meal diets in Experiment l and by the
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difference in

perform~~ce

in lambs fed calcium sulfate

sulfate in this experiment.

~~d

sodium

Sodium sulfate has been reported to be

more soluble than calcium sulfate (Hodgmans et al., 1960; Bull and
Vandersall, 1973) resulting in more complete utilization of the sulfur
of lower solubility.
Experiments using methionine hydroxy analogue as a sulfur source
in puri fied diets (Albert et al., 1956; Starks et al., 1954) employed
N:S ratios wider than those studied in this experiment .

However,

Brown et al . (1960) and Bull and Vandersall (1973) in practical cattle

--

.

feeding trials compared sodium sulfate and methionine hydroxy analogue.
In these experiments , methionine hydroxy analogue was inferior to

Experiment 2 viould appear to be in agreement.

The amount of methionine

hydroxy analogue c onsumed by the lambs in Experiment 2 was in excess of
levels reported to result in optimum feedlot performance (Burroughs and
Trenkle, 1969).

However, the level fed (approximately 2.7 g daily) did

not appear to affect feed intake by the lambs.

SUMMARY

One experiment was conducted using 432 e'VJe and 'Vrether Texas
lambs fed di ets of

~fo

concentrates and

l~fo

meal or urea as the supplemental protein

prairie hay using soybean

\~th

t wo levels of calcium

sulfate, with and without methionine hydroxy analogue calcium

(~lliA).

In a second experiment , 216 native ewe and \'leth er lambs were fed high
moisture ground ear corn supplemented with s oybean meal or urea with
comparis ons between calcium sulfate, sodium s ulfate and methionine
hydroxy analogue calcium as sources of supplemental sulfur.
Lambs fed soybean meal gained fast er in each experiment.

The

differences between the two protein supplement s occurred mainly during
the first 3 weeks

of

the experiments.

Differences between soybean meal

and urea were less in the second experiment wher e the lambs were
brought to a full feed of the finishing diet before being offered urea
and where the experiment was of longer duration .
Lambs fed urea consumed less feed in the f irst experiment and
had higher feed requirements.

This effect of urea on feed consumption

was not evident in the second experiment.

Hm>Jever, lambs fed soybea..>J.

meal and making greater rates of gain also had l ower f eed requirements.

Any diff er enc e in carcass characteristics appeared t o result from
differences in rate of gain and thus carcass \·reights .
The a pparent period of adaptation to urea is an import&~t
considerat ion in supplementing feedlot lambs with urea.

It may make

up a large part of the total feeding period and thus be more important

55

than with feedlot cattle where the feeding period is generally much
longer.

The effect is likely to be less evident \vi th ·lov,rer levels of

urea than fed in these experiments.
Diets before supplementing \.Yi th the sulfur compounds were low
in sulfur by commonly recommended levels, even the soybean meal ones.
There appeared to be a slight improvement from supplementing the
soybean meal diets with calcium sulfate in the first experiment.

One

part of sulfur to 10 parts of nitrogen from urea appeared as beneficial
as a higher level .

Supplementing the urea diets with calcium sulfate

resulted in reduced performance , especially at the higher level (1 part
S to

5 parts N from urea).

Calcium sulfate with urea appeared to

reduce feed consumption .
In the second experiment with

gro~~d

ear corn, calcium sulfate

or sodium sulfate resulted in no consistent effects on feedlot
performanc e _o ver the entire experiment with either soybean meal or
urea.
sulfur

After the first 3 weeks, lambs fed urea diets supplemented with
~ained

0

at a faster rate than the urea controls.

were lower in sulfur than in Experiment 1.

Control diets

The rate of supplementation

may have been low for optimum performance.
Methionine hydroxy analogue did not appear to be beneficial at
0.~~ of the diet in the first experiment.

It offered no additional

benefit over the sane level of sulfur from calcium sulfate or sodium
sulfate in the second experiment.
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